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（1）15N2 气泡注入法（B 方法）和 15N2 海水注入法（S 方法）测得生物固氮
速率经过 ANOVA 分析显示，测量方法是生物固氮速率的非显著性影响因素。海
水的温度、盐度和密度均不是影响测量方法的主控因素。 
（2）琼东上升流区的表层固氮速率在为 0~8.0 μmolN m-3 d-1 变化，积分固氮
速率范围为 0.23~42.6 μmolN m-2 d-1。固氮对初级生产力的贡献占 0~6.45%，对新
生产力的贡献为 5.8~100%。上升流作用明显与否对生物固氮速率的差异影响较
大。固氮速率粒级分布结果表明，琼东上升流区固氮速率的主要贡献者为>10 μm
的固氮生物。固氮生物以异养的 α 变形菌为优势类群，平均占比为 65.5%。另外，
夏季琼东上升流作用较强时段，生物固氮作用提供的氮通量达到了 0.7 GmolN。  
上升流时段测得的生物固氮速率和初级生产力大于非上升流时段，甚至高出




（3）南海南部海域上层水体（0~100 m）的固氮速率平均值为 0.14 ± 0.20  
μmolN m-3 d-1（n=76）。积分固氮速率范围为 1.4~42.2 μmolN m-2 d-1，呈现近岸
低、远岸高的分布趋势。生物固氮作用对初级生产力的贡献平均为 0.3 ± 0.4%
（n=19），对新生产力的贡献为 0~28%。南海南部海域上层水体中，生物固氮速
率的主要贡献者为>10 μm 的固氮生物，优势类群为异养的 α 变形菌，平均占比
















（4）南海南部弱光层水体（200~1000 m）生物固氮速率的变化范围为 0~0.17 




级（平均值分别为 1.2 和 0.14 μmolN m-3 d-1），琼东所有站位点的固氮速率约为
南海南部海域所有站位点的六倍（平均值分别为 0.8 和 0.14 μmolN m-2 d-1），琼
东海域生物固氮作用对初级生产力的贡献比例是南海南部采样区域的两倍（平均




















Biological N2 fixation is a reduction process which transfers N2 gas to biologically 
available nitrogen. N2 fixation in the marine environments can not only input the 
combined “new nitrogen” into the ocean and relieve the ocean N-limited conditions, 
but also improve the primary production in the ocean, provide energy for the biological 
pump and then increase the sequestration of atmospheric carbon dioxide (CO2). 
Methods of 15N2 bubbles injection (called B method) and 15N seawater injection (called 
S method) were compared in this study, and the S method was conducted in 
investigation cruises. In addition, we discussed the distribution of the nitrogen fixation 
rate (NFR) in the Qiongdong upwelling region and the southern South China Sea (SCS). 
We discussed the mechanism of the influence of environments to biological nitrogen 
fixation. These conclusions were obtained as follows.  
(1) Methods were not a significant factor in biological nitrogen fixation, according 
to the ANOVA analysis. Additionally, temperature, salinity and seawater density were 
not the dominant factors of the biological nitrogen fixation.  
(2) NFR for the surface water of Qiongdong upwelling region varied from 0 to 8.0 
μmolN m-3 d-1. Integrated NFR (INFR) varied from 0.23 to 42.6 μmolN m-2 d-1. 
Contribution ratio of NFR to primary production (PP) ranged from 0 to 6.45%. Ratio 
of NFR to new production (NP) ranged from 5.8 to 100%. Difference between 
upwelling season and regular season is large. From the size distribution, we found that 
the dominant species are those biomass bigger than 10 μm. The dominant species of 
nitrogen fixation is heterotrophic α-Proteobacteria, which occupied 65.5% of the total 
species. In addition, in the upwelling period, the input flux of nitrogen fixation is 0.7 
GmolN. 
NFR and PP in 2013 were larger than those in 2014. More precisely, NFR in 2013 
















μmolN m-3 d-1). The NFR/PP in 2013 (1.9%) was four times larger than that in 2014 
(0.5%). The water with low temperature, high salinity and high nutrient from the bottom 
layer would enhance the ability of biological nitrogen fixation and the production from 
phytoplankton. 
(3) Average NFR for the upper layer (0~100 m) in the southern SCS was 0.14 ± 
0.20 (n=76) μmolN m-3 d-1. INFR ranged from 1.4~42.2 μmolN m-2 d-1, and it is higher 
onshore and lower offshore. Contribution of NFR to PP was 0.3 ± 0.4 % (n=19). 
Contribution of NFR to NP varied from 0 to 28%. In the upper layers of the southern 
SCS, the main contributor of NFR is those bigger than 10 μm. The dominant species 
was the α-Proteobacteria, which occupied 87.8% of total species. This new nitrogen 
input flux in summer provided by nitrogen fixation in the southern SCS was 2.1×109 
molN. 
(4) NFR in aphotic layer (200~1000 m) for the southern SCS varied from 0 to 0.17 
μmolN m-3 d-1. INFR ranged from 0.18~68.77 μmolN m-2 d-1. Based on the INFR in the 
upper layer and aphotic layer in the southern SCS, we can assess that the contribution 
of INFR at the aphotic layer to the whole water column were 55%.  
(5) NFR in the surface water for the Qiongdong upwelling region (average 1.2 
μmolN m-3 d-1) is one magnitude higher than those in the southern SCS (average 0.14 
μmolN m-3 d-1). NFR for the Qiongdong upwelling region (average 0.8 μmolN m-2 d-1) 
was six times higher than those for the southern SCS (average 0.14 μmolN m-2 d-1). 
NFR/PP for Qiongdong upwelling region (average 1.9%) was double higher than those 
in the southern SCS (1.0%).  
 



















缩写 英文全称 汉语名 
NFR Nitrogen Fixation Rate 固氮速率 
INFR Integral Nitrogen Fixation Rate 积分固氮速率 
PP Primary Production 初级生产力 
IPP Integral Primary Production 积分初级生产力 
NP New Production 新生产力 
PN Particulate Nitrogen 颗粒氮 
POC Particulate Organic Carbon 颗粒有机碳 
B Bubble Addition Method 气泡注入法 
S Seawater Dissolved Method 海水法 
SSH Sea Surface Height 海平面高度 
DOP Dissolved Organic Phosphate 溶解有机磷 
SCS South China Sea 中国南海 
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是无法被大多数海洋生物利用的（Ferguson 1998；Smil 2004）。 
 
 
图 1-1 海洋中的氮循环 




洋生物泵向深层海洋输运碳的过程，进而增强对大气中 CO2 的埋藏（Eppley  and  
Peterson 1979；Karl et al.，2002）。另外，海洋生物固氮与海洋氮循环存在对全球
气候的响应机制，能够促进（正反馈）或减弱（负反馈）全球气候的改变（Gruber 

































合态氮的重要输入途径，并且对海洋初级生产力贡献巨大（Karl et al.，2002）（图 
1-1）。氮的生物吸收过程是浮游植物吸收海水中的铵盐和硝酸盐，将这些无机氮
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